Abstract. In this paper, the mixing ratio of carbon fiber and steel fiber was changed respectively under different environmental conditions. The influence of different mixing ratio of carbon fiber and steel fiber on the flexural performance of the reactive powder concrete beam was analyzed by finite element method. The results show that: In the condition of corrosive environment, the incorporation of 1.5% volume fraction of carbon fibers in RPC can significantly improve the mid-span bending moment and deflection of RPC beam in the initial cracking state and the yield state. This can effectively prevent the generation of early cracks, and when the generation of cracks to inhibit the development of cracks. Under normal environmental conditions, the incorporation of 2.0% volume fraction of steel fibers in RPC significantly increased the mid-span bending moment and deflection in the initial cracking state of the beam, Which can effectively prevent the occurrence of the initial cracks, and effectively delay and inhibit the expansion of cracks after the cracks are generated, greatly improve the brittle performance of RPC and improve the flexural performance of the beam. Based on the results of finite element analysis, the formula for ultimate flexural bearing capacity of fiber reinforced RPC beams is deduced.
Introduction
Reactive powder concrete（RPC）was first developed in France in the 90s of last century， because of its high compressive strength, high tensile strength, low brittleness, excellent durability and other characteristics, RPC has a broad application prospects [1] .There are research data that[2~7]: RPC can be incorporated into the fiber to further optimize its performance, making it suitable for a variety of environmental conditions and has the desired technical performance. So the majority of scholars at home and abroad are favored by fiber reinforced RPC, it has a more significant development.However, most researches on fiber reinforced RPC at home and abroad are mainly limited to the experimental study of materials, and few studies have been done on its application in structure.
Therefore, in this paper, the carbon fiber content and steel fiber content of fiber reinforced RPC beam were respectively changed under the condition of corrosive environment and ordinary environment.The finite element analysis is carried out on the mid-span bending moment and deflection under the initial crack state and the yield state of the beam, which can provide references for the engineering application of the fiber reinforced RPC beam. reinforcement,and longitudinal compression steel using 2B10 (HRB335 grade) reinforcement, the stirrups are B10@100 (HRB335 grade) steel bars, the elastic modulus of steel bar is 200GPa. The parameters of the test beam are shown in Table 1 .
In order to make the stress state of the simulated beam close to the actual situation, this paper loads two points at the three equal points of the net span of the beam, and replaces the concentrated load with the uniform load of 100mm × 150mm.A surface constraint of 100 mm × 150 mm was applied at a distance of 150 mm from the beam end to simulate the effect of the rigid plate. The structure of beam specimen is shown in Fig.1 .
In this paper, RPC beam using a separate model, fiber reinforced RPC selected Solid 65 unit, reinforcement within the beam are used Link8 unit. The modified concrete constitutive relationship method is used to treat the fibers in RPC, the Poisson's ratio for both conventional RPC and steel fiber reinforced RPC is 0.2, and the Poisson ratio for carbon fiber reinforced RPC was 0.24.In the finite element analysis, the reinforcement adopts the bilinear isotropic strengthening model (BISO), and the reinforcement Poisson's ratio is 0.3. The stress-strain relationship of the concrete before cracking and crushing is linear, and the William-Warnke failure criterion is adopted after cracking and crushing.
Finite element results and analysis

Analysis of flexural behavior of carbon fiber reinforced RPC beam
Mid-span moment and deflection of carbon fiber reinforced RPC beam under initial cracking Fig. 2 shows the mid-span moment and deflection of the carbon fiber reinforced RPC beam under initial cracking conditions. From Fig. 2 (a) , the initial cracking moment of the Plain beam without carbon fiber is 8.4 kN⋅m, and the initial cracking moment of the RPC beam is obviously enhanced by the incorporation of carbon fiber. With the increase of the carbon fiber content, the bending moment of the beam increases first and then decreases. When the carbon fiber content is 1.5%, the cracking moment reaches the maximum value, which is 60.4% higher than that of the Plain beam.This is due to the incorporation of carbon fiber, fiber and cementitious materials 2) C x R: carbon fiber reinforced reactive powder concrete, subscript x value represents the carbon fiber mixing rate; 3) S y R: steel fiber reinforced reactive powder concrete, subscript y value represents the steel fiber mixing rate. together with the force, carbon fiber hinders the expansion of the initial crack, effectively play an early toughening effect. From Fig.2 (b) , we can see that, when carbon fiber is added, the maximum deflection in the initial crack of each group is obviously increased compared with the plain beam.This is because with the increase of the carbon fiber mixing ratio, the toughness of the beam is improved, the beam can bear the larger initial cracking load, delayed the appearance of the initial cracks, and increased the mid-span deflection. With the increase of carbon fiber content, the deflection of crack increases and then decreases.When the content of carbon fiber is 1.5%, the mid-span deflection at the initial crack reaches the maximum, which is 59.2% higher than that of the plain beams.
Equivalent cracking von Mises stress Fig. 3 shows the equivalent cracking von Mises stress of carbon fiber reinforced RPC beams. It can be seen from the figure, in the initial cracking state, the maximum cracking stress of the beam occurs in the compression zone in the middle and upper part of the beam span,at this time,the compressive reinforcement and compressive zone concrete share the compressive stress. With the incorporation of carbon fiber, the maximum crack compressive stress of the beam increases, which is 56.4%∼60.2% higher than that of the Plain beam. This is due to the incorporation of carbon fiber, making the carbon fiber and cementitious materials share the stress, constraining the development of cracks, and improving the initial cracking stress of the beam. Fig. 4 shows the mid-span bending moment and deflection of the carbon fiber reinforced RPC beam under yield conditions.It can be seen from Fig.4 (a) that when the carbon fiber content is changed from 0.5% to 1.5%, the yield bending moment of the beam increases with the increase of carbon fiber content，and when the carbon fiber content is 1.5%, the mid-span bending moment reaches the maximum. The results show that the incorporation of carbon fiber effectively enhances the mechanical properties of RPC, especially the tensile strength, which improves the tensile and compression ratio of RPC beam, and improve the flexural performance of the beam.However, the carbon fiber content increased further and the bending moment decreased, indicating that excessive incorporation of carbon fiber also increased the internal defect of RPC, that is, When the carbon fiber reinforced effect is less than the weakening effect of the defect, the flexural strength of the RPC beams decreases with the increase of the fiber content. It can be seen from Fig. 4 (b) that, with the increase of the carbon fiber content in the yield state, the mid-span deflection of the beams in each group increased to different extents，which is 1.8%∼4.3% higher than that of the Plain beam. When the carbon fiber content is 1.5%, the mid-span deflection of the beam reaches the maximum. This is because when the carbon fiber content is 1.5%, the effect of carbon fiber on the flexural performance of RPC beam is the most obvious. That is, under the same loading mode, the beam with 1.5% carbon fiber content finally yielded, so the yield deflection value is the largest, which is the same as the yield bending moment of the beam.
Mid-span moment and deflection of carbon fiber reinforced RPC beam under yield condition
Equivalent yield von Mises stress Fig. 5 shows the equivalent yield von Mises stress of carbon fiber reinforced RPC beams. It can be seen from the figure that the maximum yield stress of the beam in the yield stage occurs in the upper compression zone. This is because when the beam reaches the yield load, the steel bar exits the work and the stress of the steel bar is transferred to the concrete in the compression area,the compressive stress of concrete increases rapidly, so it is crushed quickly. Compared with the Plain beam, the maximum yield stress of carbon fiber reinforced RPC increases, which is 2.5%∼8.2% higher than that of Plain beam. This is mainly with the increase of carbon fiber mixing rate, the concrete matrix and fiber together to bear the stress. When the matrix cracks, the fiber across the crack effectively inhibit the development of cracks.And fiber pulled out from the matrix and fibers are pulled off all need to consume a lot of energy, so the flexural performance of beam is improved.
Analysis of flexural performance of steel fiber reinforced RPC beam
Mid-span moment and deflection of steel fiber reinforced RPC beam under initial cracking condition Figure 6 shows the mid-span bending moment and deflection of the steel fiber reinforced RPC beam under initial cracking conditions.From the figure 6 (a) we can see, in the initial cracking stage with the increase of steel fiber content, the mid-span bending moment of each group of beams is significantly increased.When the steel fiber content is 2.0%, the mid-span bending moment of the beam reaches the maximum value. This is due to the fact that the steel fibers are added into the RPC, so that the fibers and the cementitious materials are combined together to bear the stress, which effectively restricts the appearance and development of the initial cracks.
From Fig. 6 (b) , it can be seen that the incorporation of steel fibers significantly increases the mid-span deflection of each group of beams under initial cracking conditions compared with the plain beams.That is, in the initial cracking state, with the increase of steel fiber content, the mid-span deflection of the beam increases first and then decreases.When the steel fiber content is 2.0%, the mid-span deflection of the beam reaches the maximum value, which is 134.2% higher than that of the Plain beam. This is due to the incorporation of steel fibers, which significantly improves the bending resistance of RPC beams and increases the initial cracking load of the beams. The steel fibers effectively prevent the occurrence of initial cracks, thus increasing the mid-span deflection of the RPC beams during initial cracking. Figure 7 shows the equivalent cracking von Mises stress of steel fiber reinforced RPC beams. It can be seen from the figure, in the initial cracking state, the maximum cracking stress of the beam occurs in the compression zone in the middle and upper part of the beam span.It can be seen from the figure, in the initial cracking state, the maximum cracking stress of the beam occurs in the compression area, this is due to stress concentration in the concrete near the loading area.With the increase of the steel fiber content, the maximum cracking stress of each group of beams increased. Compared with the Plain beams, the maximum cracking stress of each group of beams increased by 156.9%∼163.7%.This is because the incorporation of steel fibers into the RPC effectively inhibits the appearance of the initial cracks, so that fiber and concrete as a whole bear the load, thus significantly increasing the stress of concrete at the initial cracking stage.
Equivalent cracking von Mises stress
Mid-span moment and deflection of steel fiber reinforced RPC beam under yield condition. Fig. 8 shows the mid-span bending moment and deflection of the steel fiber reinforced RPC beam under yield conditions.It can be seen from Figure 8 (a) , in the yield state, with the increase of the steel fiber content, the mid-span moment of each group of beam are improved, which is 2.1%∼5.8% higher than that of the Plain beam.When the steel fiber content is 2.0%, the mid-span bending moment reaches the maximum value, and with the further increase of the steel fiber content, the bending moment decreases slightly.This indicates that there is a critical value of steel fiber mixing rate, and the fiber has the most obvious toughening effect on the RPC beam under the critical mixing ratio, which can obviously improve the flexural performance of the beam.
From the figure 8 (b) , we can see that in the yield state, with the increase of the steel fiber mixing rate, the mid-span deflection of each group of beam is increased, which is 4.0%∼7.2% higher than that of the Plain beam. When the steel fiber content is 2.0%, the mid-span deflection of the beam reaches the maximum. This is because when the beam cracks, the steel fiber between cracks began to work，the steel fiber is pulled out from the matrix need to consume large amounts of energy, effectively delay and inhibit the expansion of cracks,which greatly improves the brittle performance of RPC and improves the flexural performance of the beam. Therefore, the mid-span deflection of the beam is increased in the yield state. Equivalent yield von Mises stress. Fig. 9 shows the equivalent yield von Mises stress of steel fiber reinforced RPC beams. It can be seen from the figure, the maximum yield stress of the beam in the yield stage occurs near the compression zone in the upper part of the beam.This is mainly because when the beam reaches the yield load, the steel exits the work and the load is borne by the RPC alone. The concrete in the compression area is rapidly crushed due to the rapid growth of stress.With the increase of the steel fiber content, the maximum yield stress of the beam increases to different extents, which is 5.2%∼14.6% higher than that of the Plain beam.This is because the incorporation of steel fiber, significantly improved the mechanical properties of RPC, especially the tensile strength. The fiber effectively improves the toughness of the RPC beam and increases the flexural capacity of the beam, so the maximum compressive stress of the concrete is increased under the yield condition.
Simulation formula for ultimate bearing capacity of fiber reinforced RPC beam
Derivation of Simulation Formula for Ultimate Bearing Capacity. Because the mechanical properties of RPC are different from those of ordinary high-strength concrete, that is, RPC has higher tensile strength, and the tensile strength is more significantly increased when the fiber is incorporated into RPC.Therefore, it is necessary to consider the effect of RPC in the tensile zone on the flexural bearing capacity when calculating the bearing capacity of the beam section.This paper is based on the formula of ultimate bearing capacity proposed by Wang Zhao-ning [8] Figure 10 is the scatter diagram of the calculated values and simulated values for the ultimate bearing capacity of fiber reinforced RPC beams.It can be seen from the figure, the calculated value is close to the simulated value, the relative error of both are within 5%. Therefore, the formula of ultimate bearing capacity deduced in this paper is suitable for engineering calculation.
Comparison of calculated values and simulated values
Conclusion
In this paper, the influence of different mixing ratio of carbon fiber and steel fiber on the bending moment and deflection of RPC beam in initial cracking state and yield state is analyzed by ANSYS finite element software under the environment prone to corrosion and ordinary environment. The following conclusions can be drawn:
(1) With the change of carbon fiber content, the flexural performance of RPC beam is improved. When the content of carbon fiber is 1.5%, the initial crack is delayed effectively, and the mid-span bending moment of the beam is 60.4% higher than that of the Plain beam in the initial cracking state. After the crack is produced, the carbon fiber inhibits the development of the crack, and the toughness of the beam is improved. The mid-span bending moment of beam in yield state is 4.3% higher than that of Plain beam.
(2)With the change of steel fiber content, the flexural performance of RPC beam is also improved remarkably.In the initial cracking state, the mid-span bending moment of the beam is 142.3%∼163.3% higher than that of the Plain beam.In the yield state, the mid-span bending moment of the beam is 2.1%∼5.8% higher than that of the Plain beam. (3) Based on the calculation formula of flexural bearing capacity of RPC beams, considering the effect of fiber incorporation, the formula for flexural bearing capacity of fiber reinforced RPC beams is deduced, and the calculated values are in good agreement with the simulated values.
